Abstract: Ionic liquids (ILs) have attracted interest among researchers due to their tunable properties, which enable them to be used in a wide variety of applications. However, toxicity and biodegradation studies of ILs proved that most of the aromatic ILs, such as imidazolium, are highly toxic and non-biodegradable. Researchers have investigated several advance oxidation processes (AOPs) in order to evaluate the efficiency of the systems used to remove ILs from wastewater. However, their relatively high cost and environmental concerns have limited the application of these AOPs in industry. This research conducted a photocatalytic study using hybrid nanomaterials to evaluate the efficiency of this system as an alternative AOP system for the removal of ILs from wastewater. The synergistic effect of adsorption-photodegradation was introduced by depositing Fe-TiO 2 onto functionalized activated carbon (AC). Nano-TiO 2 was synthesized using the microemulsion method, then modified with a transition metal, and deposited onto oxidized AC. The photodegradation reaction of 1-butyl-3-methylimidazolium chloride [bmim]Cl was then investigated under simulated visible light irradiation. It was observed that the overall efficiency of the system increased with the increasing amount of Fe loading. Our investigation revealed that extrinsic factors such as solution pH, the initial concentration of ILs, and photocatalyst dosage significantly affect the overall efficiency of the system. The optimum condition for the system was observed at pH 10, with initial ILs at 1 mM at 1 g/L of photocatalyst. The best performance photocatalyst was 0.2Fe-TiO 2 /AC.
Introduction
Ionic liquids (ILs) are chemicals that can be synthesized via the metathetic exchange of anion, neutralization with Brønsted acid, direct alkylation and alkylimidazole, or a carbonate route [1] . Depending on its specific applications, the physical and chemical properties of ILs are tunable by varying its cation and anion. ILs are currently being used in industry for both large-scale production and pilot plant studies. For instance, Petroliam Nasional Berhad (PETRONAS) has applied ILs for mercury removal processes, while BASF and the Institutes Francis de Petrole Axens (IFP) have employed ILs in biphasic acid scavenging ionic liquids (BASIL) process and dimersol process, respectively [2] .
The increasing number of IL applications has raised concerns regarding the impact of ILs on the environmental due to its high solubility and resistivity in water. A few researchers who conducted biodegradation studies on ILs concluded that ILs with an aromatic ring cation, such as imidazolium, are non-biodegradable [3] [4] [5] . Yet, this type of IL has been widely used in bio-industry [1] . Hence, an efficient treatment system that is able to overcome the high solubility properties of ILs in water is urgently required. Advance oxidation processes (AOPs) are widely known for its high efficiency to
Materials and Methods

Materials
All of the chemicals were purchased and used without further purification. Hexanol (C 6 O 4 Ti, 97%) were purchased from Merck (Darmstadt, Germany). Meanwhile, other chemicals such as nitric acid (HNO 3 , 65%), triton X-100 (C 34 H 62 O 11 , AR), potassium dihydrogen phosphate (KH 2 PO 4 ), phosphoric acid (H 3 PO 4 , 85%) and triethylamine (C 6 H 15 N, AR) were supplied by R&M Chemicals (Semenyih, Malaysia)
Methods
Nano-TiO 2 was synthesized using the water-in-oil microemulsion method, as reported in a previous study [7] , followed by modification with the desired Fe via the wetness impregnation method. The resultant powder from the impregnation method was calcined at 400 • C for 1.5 h. In a different set-up, the pre-carbonized AC was oxidized using 1 M of nitric acid in a boiling condition for 20 min. The oxidized AC was washed repeatedly with distilled water until the filtrate became neutral. The oxidized AC was then dried overnight in an oven at 80 • C. Finally, the developed Fe-TiO 2 and AC were mixed (10 wt % AC) using the impregnation method, as reported in our previous study [17] . The final photocatalyst was denoted as aFe, where a refers to the amount of Fe i.e., 0.2Fe refers to 0.2 wt % Fe deposited onto TiO 2 /AC.
Characterization of the Photocatalyst
Characterization of the photocatalyst was conducted to analyze its physical and chemical properties. The effect of adding AC to the photocatalyst surface was evaluated by analyzing the existing functional group using Fourier transform infrared (FTIR) spectroscopy. The analysis was conducted using a Shimadzu FTIR-8400S Spectrophotometer (Kyoto, Japan). The absorbance and band gap of the photocatalyst was conducted using UV-Visible Spectroscopy. An optical property of the photocatalyst was conducted using an Agilent Technologies Cary 100 UV-Vis Spectrophotometer Model G9821A (Santa Clara, CA, USA). The pH PZC of the photocatalyst was employed using the mass titration method, as reported in a previous study [18] . Crystallinity and average particle size analysis of the photocatalyst were conducted using Bruker D8 Advanced XRD (Billerica, MA, USA) with Cu Kα radiation (40 kV, 40 mA) at 2θ angles from 10 • to 80 • .
Photodegradation Study
The performance of the developed photocatalyst was evaluated in the photocatalytic degradation of [bmim] Cl using an open glass reactor in ambient conditions. In a typical experiment, a pre-determined amount of photocatalyst was added into the reactor containing the desired concentration of [bmim]Cl solution. The system was stirred in dark for 30 min to allow for an equilibrium adsorption-desorption process, followed by 2 h irradiation under a 500-W halogen lamp. Liquid samples were collected at regular time intervals and analyzed using high performance liquid chromatography (Agilent 1100 HPLC, Santa Clara, CA, USA). For better separation and sharp analysis, column symmetry C-18 (250 × 4.6 mm, 5 µm) and a mobile phase mixture of methanol (35 vol %) and 25 mM of phosphate buffer (KH 2 PO 4 /H 3 PO 4 ) containing 0.5% of triethylamine were used. The analysis was performed at a column temperature of 30 • C, a 5-µL sample injection, and an 0.8 mL/min flow rate. The separated [bmim] Cl was detected at a 212-nm wavelength using a UV detector (Agilent, Santa Clara, CA, USA) Figure 1 shows the vibration peak of different photocatalysts with respect to the Fe content. From the figure, the first broader peak recorded at 766 cm −1 could be ascribed to the titania framework that had been deposited onto the AC, such as Ti-O-Ti [15, 19, 20] . However, the intensity of the vibration IR spectra decreased as the amount of Fe increased. Several studies have reported observations where the IR spectrum of ferric oxide (Fe 2 O 3 ) between 560-460 cm −1 may have overlapped with the Ti-O-Ti vibration peak at 766 cm −1 , causing this peak to diminish as the amount of Fe increased [21, 22] . The vibration peak recorded at 1390 cm −1 represented the C=O stretching related to carboxylic groups and carboxylate moieties [23, 24] , while the presence of C=O stretching could be due to the oxidation treatment of AC with nitric acid. This peak was not recorded for lower concentrations of Fe. The same finding was also recorded by Liu et al. in their study where a higher intensity of vibration carbonaceous peaks was recorded only for higher percentages of metal loading [25] . The study also stated that the usage of acid as a treatment agent could produce the homogenous distribution of titania with a complex structure [23] . This can be supported with a vibration peak around 766 cm −1 , which shows a strong vibration of Ti-O, especially for lower amounts of Fe, and proves that complex TiO 2 is well distributed on the surface of AC [26] .
Results and Discussion
Characterization of the Photocatalysts
Fourier Transform Infrared (FTIR)
The small and sharp vibration peaks of C-H have been detected in IR spectra at wavenumber 1390 cm −1 and 1478 cm −1 . These peaks show that the dissociation of precursor TiO 2 /AC may occur, leaving behind other species such as O, Ti, and C. The presence of the C-H bond is also stated to be chemisorbed [27] . Similarly to the C=O vibration, the C-H peak was not detected for lower amounts of Fe. Meanwhile, the peak at 1640 cm −1 represents the vibration of O-H that may have come from the adsorption of H 2 O onto the surface of the photocatalyst [15, 26, 27] . A small peak detected at 2412 cm −1 represents the double bond that may be present on the surface of photocatalysts such as C=O [27] . Two close vibration peaks at 2956 cm −1 and 2974 cm −1 also represent the O-H stretching that may be present from the oxidation of AC. This vibration does not appear in IR spectra for low amounts of Fe. The broader peak at 3454 cm −1 represents the O-H group [15, 26, 27] . The presence of this broader peak shows the high vibration of O-H that exists on the AC's surface, which has been oxidized with nitric acid. This is in line with the purpose of oxidation treatment, which is to obtain a more hydrophilic surface for the photocatalyst with an oxygen-containing functionalized group on the surface of AC, such as the O-H group [23] . In the adsorption study of hydrophobic ILs, the presence of O-H is important, as it could act as a pollutant concentrator for the composite photocatalyst. The O-H groups that were present on the surface of the photocatalyst were able to promote the H-bonding interactions with the anions of hydrophobic ILs [28, 29] . chemisorbed [27] . Similarly to the C=O vibration, the C-H peak was not detected for lower amounts of Fe. Meanwhile, the peak at 1640 cm −1 represents the vibration of O-H that may have come from the adsorption of H2O onto the surface of the photocatalyst [15, 26, 27] . A small peak detected at 2412 cm −1 represents the double bond that may be present on the surface of photocatalysts such as C=O [27] . Two close vibration peaks at 2956 cm −1 and 2974 cm −1 also represent the O-H stretching that may be present from the oxidation of AC. This vibration does not appear in IR spectra for low amounts of Fe. The broader peak at 3454 cm −1 represents the O-H group [15, 26, 27] . The presence of this broader peak shows the high vibration of O-H that exists on the AC's surface, which has been oxidized with nitric acid. This is in line with the purpose of oxidation treatment, which is to obtain a more hydrophilic surface for the photocatalyst with an oxygen-containing functionalized group on the surface of AC, such as the O-H group [23] . In the adsorption study of hydrophobic ILs, the presence of O-H is important, as it could act as a pollutant concentrator for the composite photocatalyst. The O-H groups that were present on the surface of the photocatalyst were able to promote the H-bonding interactions with the anions of hydrophobic ILs [28, 29] . 
Diffuse Reflectance UV-Visible (DRUV-Vis) Analysis
The absorption spectra of the photocatalysts at different amounts of Fe are presented in Figure 2 . From the figure, the absorption edge of TiO2 is at approximately 400 nm, which is correlated to a band-gap energy (Eg) of 3.10 eV. Meanwhile, for the photocatalyst named 0.0Fe (which is the composite of TiO2 and AC), the absorption edge was significantly green-shifted to a 500-nm wavelength corresponding to ca. 2.48 eV. The presence of 10 wt % AC in the composite has a major role in the reduction of Eg, where the powdered photocatalyst was greyish compared to bare TiO2, which is white. On the other hand, the addition of 0.1 wt % Fe onto the TiO2/AC slightly blue-shifted the absorption edge, which corresponded to an Eg value of 2.88 eV. A further shift of the absorption edges could be observed as the amount of Fe loadings increased, with the lowest Eg recorded for the photocatalyst with 0.5 wt % Fe. The summary of Eg is presented in Table 1 .
This observed shift could be ascribed to the excitement of electron (e ) from the valence band (VB) of TiO2, as described by Equations (1) and (2) [30] . The h and trapped electron (et) refer to the hole formed at VB after the excitement of e , and the electron that had been trapped on the surface AC and metal loading, respectively.
TiO2 (e ) → TiO ( )
The trapped electron could also occur from e to Fe on the photocatalyst before the et is excited again to the TiO2 surface, and as a result increase the absorbance value of the UV-Vis (3-6). The e refers to the electron from Fe itself. 
The absorption spectra of the photocatalysts at different amounts of Fe are presented in Figure 2 . From the figure, the absorption edge of TiO 2 is at approximately 400 nm, which is correlated to a band-gap energy (E g ) of 3.10 eV. Meanwhile, for the photocatalyst named 0.0Fe (which is the composite of TiO 2 and AC), the absorption edge was significantly green-shifted to a 500-nm wavelength corresponding to ca. 2.48 eV. The presence of 10 wt % AC in the composite has a major role in the reduction of E g , where the powdered photocatalyst was greyish compared to bare TiO 2 , which is white. On the other hand, the addition of 0.1 wt % Fe onto the TiO 2 /AC slightly blue-shifted the absorption edge, which corresponded to an E g value of 2.88 eV. A further shift of the absorption edges could be observed as the amount of Fe loadings increased, with the lowest E g recorded for the photocatalyst with 0.5 wt % Fe. The summary of E g is presented in Table 1 .
This observed shift could be ascribed to the excitement of electron (e − CB ) from the valence band (VB) of TiO 2 , as described by Equations (1) and (2) [30] . The h + VB and trapped electron (et) refer to the hole formed at VB after the excitement of e − CB , and the electron that had been trapped on the surface AC and metal loading, respectively. 
The trapped electron could also occur from e − CB to Fe on the photocatalyst before the et is excited again to the TiO 2 surface, and as a result increase the absorbance value of the UV-Vis (3) (4) (5) (6) . The e − refers to the electron from Fe itself. Fe + TiO (e ) → Fe (3)
Fe → Fe + e (5) Figure 3 depicts the XRD chromatogram for the bare TiO2, AC, and also the composite photocatalyst. Figure 3 depicts the XRD chromatogram for the bare TiO 2 , AC, and also the composite photocatalyst.
From Figure 3 , a similar pattern of XRD pictograph was recorded for the composite photocatalyst in comparison with bare TiO 2 . From the figure, it can be clearly observed that both bare and composite TiO 2 consist of an anatase structure (98-015-4610) with peaks at 25. . The amorphous carbon structure reveals two distinct peaks at 24.6 • (002) and 43.9 • (110), which proves the successful production of AC via the described method in Section 2.2. However, these degrees diminish after depositing TiO 2 onto AC, could be due to the dominant peak of anatase TiO 2 [31] . In addition, no peak related to Fe 2 O 3 was detected, even at the highest amount of Fe loading (0.5 wt %), which shows that Fe was uniformly distributed on the TiO 2 surface. Furthermore, Fe and Ti possess similar ionic radii (Ti = 0.68 Å and Fe = 0.64 Å) [32, 33] . The mean particle size of the composite photocatalysts was calculated using the Scherrer equation [34] at the dominant peak of anatase (2θ = 25.3). Figure 3 depicts the XRD chromatogram for the bare TiO2, AC, and also the composite photocatalyst. It is noteworthy to mention that bare TiO 2 has the smallest crystallite size, while AC has triple the value. When TiO 2 was deposited onto AC (0.0Fe), the crystallite size of the photocatalyst was 24.2 nm, similar to the sizes for AC. Adding 0.1 wt % Fe significantly reduced the crystallite growth by 57%, causing smaller crystals than 0.0Fe. Similar findings were reported by Li et al., where the particle size of tungsten W-TiO 2 loaded onto AC was found to be lower than the crystallite size of TiO 2 /AC only. This is because Fe 3+ could penetrate into the Ti 4+ lattice causing distortion in the structure; thus, it favored the smaller particle size of the photocatalyst, as confirmed by the crystallographic data in Table 2 [35] . The c value for the composite reduced compared to bare TiO, which proved that changes occurred in the crystallographic structure of the composite photocatalysts. A reduction in particle size could govern the photodegradation process, as proven in a previous study [36] . On the other hand, the increasing amount of Fe from 0.1 wt % to 0.5 wt % has slightly increased the crystallite size of the photocatalyst, which contradicts with the reported observations from previous studies [35] . The increasing size of the crystals could be due to the agglomeration of Fe 2 O 3 and TiO 2 during the calcination process, yet the amount of Fe is very low, and highly dispersed on TiO 2 for it to be detected by XRD analysis [37] .
Photodegradation Study
The photocatalytic activity of the synthesized photocatalyst was evaluated in the photodegradation system of [bmim]Cl under visible light radiation. A 500-W halogen lamp was used to simulate solar light, with the main light spectrum between 400-600 nm. The effect of each 
Effect of Fe Composition
The effect of varying Fe amounts on the total degradation efficiency of the system is summarized in Figure 4 . Insignificant degradation was observed when no photocatalyst was added into the system, while only 5% degradation was recorded in the system containing bare TiO 2 . Significant enhancement was observed when Fe was added to the photocatalyst. The addition of Fe is crucial to form a space charge layer on the TiO 2 surface where upon light radiation, the generated electron (e − CB ) will be trapped by the Fe, thus preventing it from recombining with the hole (h 2 will attack C2, C4, and C5 of the imidazolium ring to produce an unstable by-product known as 1-alkyl-3-methyl-2,4,5-trioxoimidazolidine. The formation of these by-products means that the first stage of the degradation process where the phenomenon opening ring of cation occurred [39] . Based on the classical field theory, the formation of Fe 2+ and Fe 4+ is very unstable. This is because in their molecular state 3d5 configuration, they are only occupied with half-filled electrons. Hence, the charge carrier then migrated to the surface of TiO2 to degrade [bmim]Cl. The Fe 2+ can be returned back to Fe 3+ by donating one (e ) either directly to [bmim]Cl or to H2O to undergo a reduction process, producing strong free radicals such as the hydroxyl radical ( • OH). These radicals are active species that are able to attack a wide range of organic pollutants, and thus further enhance the degradation rate of pollutants. Meanwhile, Fe 4+ can be transformed to Fe 3+ by receiving an electron or losing a hole (h ). The h will come into contact with the oxygen (O2) that has also been adsorbed on the surface of TiO2, leading to the formation of the superoxide radical (O • ) [14, 38] .
During the degradation process of [bmim]Cl, the O • will attack C2, C4, and C5 of the imidazolium ring to produce an unstable by-product known as 1-alkyl-3-methyl-2,4,5-trioxoimidazolidine. The formation of these by-products means that the first stage of the degradation process where the phenomenon opening ring of cation occurred [39] . Further increasing the amount of Fe from 0.1 wt % to 0.2 wt % increased the surface barrier and lead to the optimum separation of the e h pairs. However, when the amount of Fe was increased beyond its optimum amount, the overall efficiency of the system decreased. Even though the higher amount of Fe further reduced the band-gap energy of TiO2 (Table 1) , it also acted as the recombination center for the charge carriers. The excess amount of Fe reversed its positive role and become the recombination sites for the e h pairs, thus preventing them from taking part in the degradation process [40] . Similar findings have been discussed by other researchers, where higher Fe contents could produce more Fe clusters on the TiO2 surface, as seen in Equations (3)- (6) [41]. The formation of Fe2O3 could correlate with IR spectra (Figure 1 ), as the Ti-O-Ti vibration was slightly diminish at higher amounts of Fe due to overlapping with the Fe2O3 that was recorded from 464 cm −1 to 700 cm −1 . The formation of an oxygenated group on the surface of the composite photocatalyst ( Figure 1 ) also played an important role in the degradation of [bmim]Cl. The presence of functionalized groups such as O-H is believed to be able to increase the interaction of H-bonding between the surface of the composite photocatalyst and the anion Cl [29] . Hence, more [bmim]Cl will be attracted to the AC on the TiO2 surface, which then enhances the diffusion rate between [bmim]Cl and the surface TiO2, resulting in a significant increase in the total removal of [bmim]Cl. Further increasing the amount of Fe from 0.1 wt % to 0.2 wt % increased the surface barrier and lead to the optimum separation of the e − CB − h + VB pairs. However, when the amount of Fe was increased beyond its optimum amount, the overall efficiency of the system decreased. Even though the higher amount of Fe further reduced the band-gap energy of TiO 2 (Table 1) , it also acted as the recombination center for the charge carriers. The excess amount of Fe reversed its positive role and become the recombination sites for the e − CB − h + VB pairs, thus preventing them from taking part in the degradation process [40] . Similar findings have been discussed by other researchers, where higher Fe contents could produce more Fe clusters on the TiO 2 surface, as seen in Equations (3)- (6) [41] . The formation of Fe 2 O 3 could correlate with IR spectra (Figure 1) , as the Ti-O-Ti vibration was slightly diminish at higher amounts of Fe due to overlapping with the Fe 2 O 3 that was recorded from 464 cm −1 to 700 cm −1 . The formation of an oxygenated group on the surface of the composite photocatalyst ( Figure 1 ) also played an important role in the degradation of [bmim]Cl. The presence of functionalized groups such as O-H is believed to be able to increase the interaction of H-bonding between the surface of the composite photocatalyst and the anion Cl [29] . Hence, more [bmim]Cl will be attracted to the AC on the TiO 2 surface, which then enhances the diffusion rate between [bmim]Cl and the surface TiO 2 , resulting in a significant increase in the total removal of [bmim]Cl. At the same time, the diminished carbonaceous peak for lower Fe loadings (1390 cm −1 ) also may enhance the activity of the photocatalyst, as presence of this peak could reduce the catalytic property of the photocatalyst [42] . This clearly can be seen from Figure 4 , where both 0.1Fe and 0.2Fe show slightly a higher removal of bmim [Cl] compared with the other photocatalyst, as the carbonaceous peak does not present for both photocatalysts. . At lower concentrations, a sufficient active site on the photocatalyst for optimal adsorption and degradation processes lead to the higher overall efficiency of the system. However, as the concentration of [bmim]Cl increased, the number of [bmim]Cl molecules in the solution consequently increased, causing lower absorption of photons and lower degradation rate on the surface of the photocatalyst due to insufficient active sites. On the other hand, at lower [IL o ], the accumulation of the pollutant on the surface of TiO 2 reduced, providing a more active surface area to absorb the photons and generate the charge carrier. As more charge carriers are generated, more [bmim]Cl can be degraded. This phenomenon follows the Lambert law, whereas the concentration of organic molecules reduced, the path length taken by the photon to enter the solutions increased [43] . ) on the overall performance of the system. The study was conducted by keeping other parameters constant i.e., 0.2 wt % Fe, with initial pH at 8 and 1 g/L of photocatalyst. In general, the overall degradation efficiency decreased with the increase of [ILo] . At lower concentrations, a sufficient active site on the photocatalyst for optimal adsorption and degradation processes lead to the higher overall efficiency of the system. However, as the concentration of [bmim]Cl increased, the number of [bmim]Cl molecules in the solution consequently increased, causing lower absorption of photons and lower degradation rate on the surface of the photocatalyst due to insufficient active sites. On the other hand, at lower [ILo] , the accumulation of the pollutant on the surface of TiO2 reduced, providing a more active surface area to absorb the photons and generate the charge carrier. As more charge carriers are generated, more [bmim]Cl can be degraded. This phenomenon follows the Lambert law, whereas the concentration of organic molecules reduced, the path length taken by the photon to enter the solutions increased [43] . 
Effect of Extrinsic Factor: Initial pH of the [bmim]Cl Solution
The point zero charge (pHpzc) of the photocatalyst can be defined as the limiting pH when the net surface charge of the photocatalyst is zero. The pHpzc value of the photocatalyst was determined using the titration method as reported in a previous study [18] .
Pursuant to Section 3.2.2, optimum [ILo] was observed at 1 mM. Hence, this [ILo] has been selected to study the effect of the initial pH of the [bmim]Cl solution, while keeping other parameters constant i.e., 0.2 wt % Fe, [ILo] at 1 mM, and 1 g/L of photocatalyst. Figure 6 depicts the comparative study on the pH of the [bmim]Cl solution. As the initial solution's pH increased, the total removal of [bmim]Cl increased until the optimum point, and then decreased. The lowest [bmim]Cl degradation was recorded in an acidic region at pH 3. In an acidic region, the surface charges of the photocatalyst and organic molecule were both protonated. The similar charges between both species made them repel each other, causing less adsorbate to be adsorbed onto the surface of the photocatalyst. Further, this also caused a lower amount of [bmim]Cl to be degraded by the charge carrier [44] . In addition, the photocatalyst was reported to be agglomerated in acidic conditions, thus reducing the availability of the TiO2 active site that can be used to absorb photons and adsorb [bmim]Cl [45] . From the study, the best working pH for the photodegradation of [bmim]Cl was recorded in alkaline condition at pH 10. In this condition, the OH -interacted with 
The point zero charge (pH pzc ) of the photocatalyst can be defined as the limiting pH when the net surface charge of the photocatalyst is zero. The pH pzc value of the photocatalyst was determined using the titration method as reported in a previous study [18] .
Pursuant to Section 3. Figure 6 depicts the comparative study on the pH of the [bmim]Cl solution. As the initial solution's pH increased, the total removal of [bmim]Cl increased until the optimum point, and then decreased. The lowest [bmim]Cl degradation was recorded in an acidic region at pH 3. In an acidic region, the surface charges of the photocatalyst and organic molecule were both protonated. The similar charges between both species made them repel each other, causing less adsorbate to be adsorbed onto the surface of the photocatalyst. Further, this also caused a lower amount of [bmim]Cl to be degraded by the charge carrier [44] . In addition, the photocatalyst was reported to be agglomerated in acidic conditions, thus reducing the availability of the TiO 2 active site that can be used to absorb photons and adsorb [bmim]Cl [45] . From the study, the best working pH for the photodegradation of [bmim]Cl was recorded in alkaline condition at pH 10. In this condition, the OH − interacted with h + VB , leading to the higher production of • OH, and thus increased the degradation rate of [bmim]Cl. However, at even higher alkalinity, both the organic molecules and the surface of the photocatalyst were deprotonated. The similar charges of both species again repelled each other, causing less [bmim]Cl to be adsorbed on the surface of TiO 2 , and hence reducing the total degradation [44] . This ionization of the surface charge photocatalyst in various pH conditions could be explained as in Equations (7) and (8) [9] .
It can be observed that the pHpzc of the photocatalyst is 6.3 ( Figure 7 ). On the other hand, the pH of the [bmim]Cl solution was recorded around 8.2 ± 0.2, regardless of the [bmim]Cl concentration. Generally, when the pH of the solution is higher than the pH pzc of the photocatalyst, the surface of the photocatalyst will be negatively charged. Different charges between the photocatalyst surface and [bmim]Cl will attract each other, hence increase the diffusion rate of [bmim]Cl into TiO 2 [9] . On the other hand, similar charges between both entities will reduce the ability of TiO 2 to attract the [bmim]Cl compound toward its surface.
TiOH + H + → TiOH 2 It can be observed that the pHpzc of the photocatalyst is 6.3 ( Figure 7 ). On the other hand, the pH of the [bmim]Cl solution was recorded around 8.2 ± 0.2, regardless of the [bmim]Cl concentration. Generally, when the pH of the solution is higher than the pHpzc of the photocatalyst, the surface of the photocatalyst will be negatively charged. Different charges between the photocatalyst surface and [bmim]Cl will attract each other, hence increase the diffusion rate of [bmim]Cl into TiO2 [9] . On the other hand, similar charges between both entities will reduce the ability of TiO2 to attract the [bmim]Cl compound toward its surface. It can be observed that the pHpzc of the photocatalyst is 6.3 ( Figure 7 ). On the other hand, the pH of the [bmim]Cl solution was recorded around 8.2 ± 0.2, regardless of the [bmim]Cl concentration. Generally, when the pH of the solution is higher than the pHpzc of the photocatalyst, the surface of the photocatalyst will be negatively charged. Different charges between the photocatalyst surface and [bmim]Cl will attract each other, hence increase the diffusion rate of [bmim]Cl into TiO2 [9] . On the other hand, similar charges between both entities will reduce the ability of TiO2 to attract the [bmim]Cl compound toward its surface. Figure 8 , the total degradation of [bmim]Cl increased until the optimum [photocatalyst] was achieved. Insufficient amount of photocatalyst supplied to the system will cause a blockage of the active site by [bmim]Cl, causing poor efficiency of the system [46] . As the dosage increased, the active sites available for the photodegradation process also increased, leading to a higher degradation rate. Beyond the optimum dosage (>1 g/L), the overall efficiency of the system decreased despite a larger amount of photocatalyst being used in the system. A high amount of photocatalyst in the system lead to the screening phenomenon of particles, which will cause blockages of the active sites of the photocatalyst. Furthermore, excess amount of photocatalyst leads to agglomeration of the nanoparticles, thus reduces total surface area of the photocatalyst which then lead to lesser photon absorption [47] . screening phenomenon of particles, which will cause blockages of the active sites of the photocatalyst. Furthermore, excess amount of photocatalyst leads to agglomeration of the nanoparticles, thus reduces total surface area of the photocatalyst which then lead to lesser photon absorption [47] . 
Conclusions
Optimum amount of Fe in the preparation of photocatalyst is crucial as it could directly affect the efficiency of the system. From the analysis study of composition Fe loaded onto TiO2, it can be concluded that incorporating an optimum amount of metal onto the surface of TiO2 can shift the performance of TiO2 into the visible region, and increase the performance of the photocatalyst for the removal of [bmim]Cl. Apart from Fe, concentration of the compound of interest, in this case, [bmim]Cl also is important. Excess [ILo] in the system will block the surface of TiO2 from harvesting the light, thus causing lower overall efficiency. Optimum pH for the system to work at the highest efficiency was recorded at pH 10. At this condition, the available − OH will increase the production of • OH as the attacking agent that will increase the total degradation of [bmim]Cl. Finally, optimum amount of photocatalyst itself is also critical as excess photocatalyst dosage will cause agglomeration leading to lesser active sites of the photocatalyst for further process.
